Nutritional well-being among older adults is critical for maintaining health, increasing longevity, and decreasing the impact of chronic illness. However, few well-controlled studies have examined nutritional behavior change among low-income older adults. A prospective, controlled, randomized design examined a fivesession nutrition education module delivered to limited-resource older adults (N = 703) in Congregate Nutrition sites by Cooperative Extension agents. Experimental group participants were significantly more likely than control group participants to increase multivitamin use, to increase calcium supplement use, to read labels of dietary supplements, to carry a supplement and/or medication list, and to discuss such use with their health care professional. The study addresses weaknesses in the literature by using a theoretically derived education component, implementing the intervention within a setting regularly used by low-income older adults, employing randomized assignment to intervention and control conditions, and using hierarchical linear modeling to deal with "nested" data.
. To date, such interventions have varied in approach and intensity, including personal counseling for participants drawn from clinic or HMO settings (Elder, Williams, Drew, Wright, & Boulan, 1995; Fox, Breuer, & Wright, 1997; Pignone et al., 2003) , stage-based, computer generated materials with follow-up phone support (Clark, Nigg, Greene, Riebe, & Saunders, 2002; Kristal, Curry, Shattuck, Feng, & Li, 2000; Stevens, Glasgow, Toobert, Karanja, & Smith, 2003) , and even community-based paraprofessionals facilitating nutrition home parties within existing social networks (Emmons, Macario, Sorensen, Hunt, & Rudd, 1999) . However, few well-controlled studies have focused on nutrition behavior among older adults, and even fewer among low-income older adults (Ammerman, Lindquist, Lohr, & Hersey, 2002; Higgins & Barkley, 2003; Sahyoun, Pratt, & Anderson, 2004) .
The purpose of this study was to examine the effects of a five-session nutrition education module on older adults' use of dietary supplements. The module covered herbal and other dietary supplement use, potential side effects, potential drug-supplement interactions, and the importance of speaking with one's health care provider about supplement use. The intervention and control programs were conducted by Family and Consumer Science (FCS) agents employed by the North Carolina (NC) Cooperative Extension Service and were one component of a broader effort to disseminate nutrition education to low-income, older adults (McClelland, Bearon, Fraser, Mustian, & Velasquez, 2001) . A prospective, controlled, randomized design was used to examine the effects of this specific module on self-reported behavior of low-income older adults (N = 703).
Dietary Supplements
Poor nutritional status among older adults is of great concern because they face a variety of economic, physical, and social changes that can compromise nutritional wellbeing. In many studies, more than 80% of community-dwelling older adults report inadequate dietary intakes of vitamin D and calcium, and vitamin B-12 deficiency is known to be prevalent in this population as well, indicating that these nutrients are of particular concern (Ervin & Kennedy-Stephenson, 2002; Foote, Giuliano, & Harris, 2000; Lindenbaum, Rosenberg, Wilson, Stabler, & Allen, 1994; Marshall, Stumbo, Warren, & Xie, 2001) . Dietary supplements can play an important role in moving individuals closer to recommended levels, especially because food sources of vitamin D are limited, calciumrich dairy products may be poorly tolerated due to lactose intolerance, and absorption of food-bound B-12 declines with age-related increases in hypochlorhydria. However, dietary supplement use among older adults is less likely to occur among those who are less well educated and/or are of lower socioeconomic status (Foote et al., 2003; Gunther, Patterson, Kristal, Stratton, & White, 2004; Lyle, Mares-Perlman, Klein, Klein, & Greger, 1998; Slesinski, Subar, & Kahle, 1995) .
Use of herbal supplements, on the other hand, appears to be relatively common across a wide range of older people. Recent studies have found that 45% to 55% of older adults report some use of herbal products within the past year, even among lower income populations (Planta, Gundersen, & Petitt, 2000; Yoon, & Horne, 2001; Zeilmann et al., 2003) . However, the majority of herbal medicine users do not tell their health care providers (Planta et al., 2000; Sleath, Rubin, Campbell, Gwyther, & Clark, 2001; Yoon & Horne, 2001) , putting them at risk for herbal-drug interactions that can increase or decrease medication potency, and elevate the risk for surgery-related complications such as stroke, bleeding, and inadequate or prolonged anesthesia (Angell & Kassirer, 1998; Ang-Lee, Moss, & Yuan, 2001) . In addition, the general lack of regulation of the herbal industry, coupled with aggressive marketing and unsubstantiated claims, puts those without the knowledge to make informed decisions at risk more generally for a wide array of adverse health effects (Ang-Lee et al., 2001; Marcus & Grollman, 2002) . Thus, there is a need to provide education regarding the safe use of herbal and other dietary supplements for the low-income older adult population.
Nutrition Education Interventions With Older Adults
The developers of health education and health promotion programming for older adults have had to address a number of obstacles. Within the professional community, some health care providers may not invest in behavior change efforts because of a belief that older adults would not make such lifestyle modifications (Chernoff, 2001) . In addition, there can be confusion over nutrition program goals. One goal might be to prevent more serious malnutrition such as osteomalacia due to insufficient vitamin D or pernicious anemia due to insufficient vitamin B12. Alternatively, a program might focus its educational programming on more general aspects of optimal health as reflected in adherence to the Dietary Guidelines. Finally, practical barriers to participation include social isolation, scheduling issues, and transportation problems (Bertera, 1999) .
Given the challenges to mounting interventions, there are few well-controlled studies examining the behavioral impact of such efforts (Ammerman et al., 2002; Campbell et al., 1999; Contento, Balch, & Bronner, 1995; Sahyoun et al., 2004) . In a review of nutrition education interventions from 1980 to 1995, for example, Contento et al. (1995) found that only 14 of 220 studies involved older adults. More recently, Sahyoun et al. (2004) reviewed literature published between 1990 and 2003 involving communitybased nutrition education and older adults, and found only 25 studies with measurable outcomes or evaluation components. Interventions varied widely, from brief telephone counseling to multiple home visits. More effective interventions were characterized by a small number of educational messages, reinforcement and personalizing of such messages, provision of hands-on activities, and opportunities to set personalized goals (Sahyoun et al., 2004) . However, few of these interventions with limited-income older adults involved randomized controlled designs.
Purpose of the Study
The purpose of this study was to examine the effects of a five-session nutrition education module on changing herbal and other dietary supplement use (and discussion of such use with health care professionals) among limited-resource older adults. The study incorporated suggestions from recent reviews and addressed additional weaknesses in the literature. The study (a) used a theoretically derived education component (Winett et al., 1999) ; (b) implemented the intervention within Congregate Nutrition (CN) sites (successful interventions with exercise behavior have been reported in such settings) (Sharpe et al., 1997; Tucker & Reicks, 2002) ; (c) employed randomized assignment of CN sites to experimental and control conditions; and (d) had ecological validity, that is, implementation in real-world conditions that made it likely that the intervention was transportable.
The hypotheses of this study were that participants in the experimental condition would demonstrate significantly greater changes than participants in the control condition with regard to the following behavioral outcomes: regular daily use of multivitamin and calcium supplements, regular and thorough reading of the effects and side effects of herbals and other supplements that they were taking or considering taking, more regular use of an updated list of medications, and greater frequency of discussion with health care professionals regarding supplements being used.
METHOD

Intervention Description
The activities described in this study took place within the context of the Partners in Wellness (PIW) program (McClelland et al., 2001) , which supports Cooperative Extension agents and their associates in providing nutrition education modules in CN sites. Although CN sites are required to provide some form of nutrition education twice a year, the PIW program has strengthened these efforts by developing a series of nutrition education modules (four to five sessions each) covering a range of topics (e.g., weight management, shopping on a budget, etc.). Each of these modules was designed to demonstrate the practical application of food and nutrition information in an interactive or participatory manner and to result in a personal plan of action by the participant.
The five-session experimental module-Pills, Potions, and Powders-focused on the appropriate use and potential consequences of herbal and other supplements, and the importance of reviewing such use with one's health care professionals. The intervention was developed from a social-cognitive theory of behavior change, which stresses the importance of self-efficacy and outcome expectations that are specific to the behavior change under consideration (Winett et al., 1999) . Self-efficacy refers to the expectation that one can attain a "desired outcome through specific courses of action." Outcome expectations concern beliefs about what would occur as a result of a specific behavior change and the attractiveness of that outcome. Activities were designed to support selfefficacy and outcome expectations (e.g., increase participant's sense of efficacy in raising questions about his or her supplement use with his or her health care provider, increase participant's belief in the positive outcomes associated with understanding risks associated with one's own supplement use).
The first three sessions covered practical information related to herbal products specifically and dietary supplements in general. The following content was emphasized: herbal products are not necessarily safer than standard drug therapy, herbal products by themselves and in combination with other drugs can have harmful effects, herbal products and other dietary supplement labels should be read carefully for claims and contraindications, and health care providers should be told about any herbal or other dietary supplements that one is taking. The content of the fourth session focused on some of the micronutrients of particular concern to older adults: vitamin D, vitamin B-12, and calcium. The following content was emphasized: the need for some nutrients increases with age, it can be difficult to meet recommended levels of some nutrients through dietary sources alone, and a generic daily multivitamin/mineral product along with a separate calcium supplement can be used to help meet nutrient needs. In the fifth session, participants developed a personal action plan to carry out strategies suggested in the previous sessions.
Activities and associated materials were designed to influence social-cognitive mediating variables relevant to these outcomes. For example, several module elements were designed to strengthen participant self-efficacy (i.e., the assignment of "challenges" to be accomplished between sessions, the development of a personal action plan, the discus-sion of barriers to implementation). In addition, discussions emphasized the positive outcomes associated with the specific behaviors under focus in the study. The emphasis on behavioral outcomes is consistent with the suggestions of Contento et al. (1995) and Sahyoun et al. (2004) . In their reviews, they concluded that nutrition education was most likely to be successful when behavior change was the goal and when the approaches used in the intervention were consistent with a behavioral focus.
The control condition module followed a similar format. The first four sessions of the control group module, Weighty Matters, focused on weight management and exercise. In the fifth session, participants developed a personal action plan to carry out strategies suggested in the previous sessions.
The FCS agents and assistants delivering the modules were generally very experienced in the delivery of small group interventions. Training to deliver the specific modules described above was provided by members of the project team as well as invited speakers. A 2-day PIW in-service event provided training for module implementation. The topics included module curriculum and content, background information, issues surrounding older adult learning, implementation and evaluation processes, time line, educational handouts, evaluation tools, challenges and educational extenders.
FCS agents completed feedback forms in which they reported any deviations from the prescribed curriculum protocol. These reports were read by the PIW program staff and program director for fidelity to the curriculum, time line, and evaluation process. When deviations were noted, PIW program staff followed up and provided consultation. Although FCS agents generally reported adhering to the protocol, no systematic, independent, observational data were collected.
Research Design
The research design called for random assignment of counties to either the experimental group (i.e., Pills, Potions, and Powders module) or the control group (i.e., Weighty Matters module). Both interventions had a similar program format and length, but nonoverlapping content. In each case, FCS agents delivered the modules within a specified time frame.
Sampling and Assignment of Counties. FCS agents in all 100 counties and in the Cherokee Reservation of North Carolina were invited to participate in the study. Thirty-four agents agreed to be randomly assigned to deliver either of the modules.
Although there was only one FCS agent in a county, the number of sites in a county varied from 1 to 15. Several agents were delivering educational programming to more than one CN site. Agents were asked to select one or more of the sites with which they worked and only deliver the one module to which they had been randomly assigned. All site selections by agents were finalized before random assignment to condition.
The research team chose to randomly assign counties (rather than sites) to conditions, because of the possibility that some agents could be randomly assigned to deliver the experimental condition at one site and the control module at another site. This could introduce cross-module contamination as well as double the amount of intervention preparation time required of agents.
Counties were randomly assigned to the experimental condition (n = 17) or the control condition (n = 17). 1 Six counties failed to provide pre-and/or postdata because of staff issues: agent illness (n = 1) and vacant agent positions due to staff turnover (n = 5). This resulted in the loss of six counties overall, for a final sample of 28 counties (i.e., 13 experimental counties and 15 control counties).
Sampling of Individuals Within CN Sites. FCS agents began delivering the modules at CN sites in spring 2002. Participant recruitment for the intervention began at the CN sites 2 weeks before the delivery of the module. Prospective participants were given an informed consent form and a demographic form (i.e., age, gender, race, income, education, living arrangements) to complete and were told about the upcoming intervention. All individuals present during recruitment were considered eligible for participation in the study. FCS agents did not collect systematic data on refusal rates. However, a polling of FCS agents indicated very few refusals by individuals at the CN site during recruitment.
All intervention sessions were delivered immediately before the provision of lunch in the sites. Pretest measures were completed before the first session of the module. Posttest measures were administered approximately 9 weeks after baseline and 4 weeks after the end of the 5-week module.
After excluding 27 individuals who reported being younger than 60 years of age, we collected pretest data from 1,006 participants, 425 in the 13 counties in the experimental condition and 581 in the 15 counties in the control condition. The disparity in size between the groups was due, in part, to the experimental group losing 2 more counties than the control group. We collected postdata from 703 of these 1,006 participants: 280 in the experimental condition and 423 in the control condition.
We examined whether experimental or control group status at Time 1 was associated with differential rates of retention. Using individual attrition status as a dependent variable in a nonlinear multilevel model, we found no significant difference in rates of retention between the experimental (65.9%) and control (72.8%) groups.
FCS agents collected postdata on 1 day only, so if the older adult was not there during that time, no postdata were collected from that individual. Due to FCS agent and assistant time constraints, no additional follow-up attempts were made to obtain postdata. The normal fluctuation in attendance at CN sites from week to week most likely contributed significantly to the inability to obtain higher posttest follow-up rates.
Sample Description. The mean age of participants was 77.27 years (SD = 8.10, n = 631) (see Table 1 ). Most of the participants were women (78%, n = 703), Caucasian (60.1% White, 39% African American, 0.9% other), and living alone (55.6%, n = 656). Approximately 48.2% reported income of $716 or less per month (n = 527). In terms of education, 43.1% had at least a high school degree (n = 654).
Measures
To accommodate group administration of the pretest, only a small number of items were used. This survey was pilot tested for clarity and readability with a group of older adults in a CN site not participating in the study.
Multivitamin Use. "Do you take a multivitamin pill daily?" Response options were never (1), rarely (2), sometimes (3), often (4), and always (5).
Calcium Supplement Use. "Do you take a calcium supplement daily?" Response options were never (1), rarely (2), sometimes (3), often (4), and always (5).
Supplement/Medication List. "Do you carry with you a list of medicines, herbals, multivitamins, and other dietary supplements that you are taking?" Response options were never (1), rarely (2), sometimes (3), often (4), and always (5).
Read Labels. "Do you read the label about the effects and side effects of the herbals, multivitamins, and other dietary supplements that you are taking?" Response options were never (1), rarely (2), sometimes (3), often (4), and always (5).
Talk With Health Care Professional. "Do you talk to your doctor, nurse, or pharmacist about the herbals, multivitamins, and other dietary supplements that you are taking and how they may interact with your medications?" Response options were no (0) and yes (1).
Demographic Variables.
Respondents were asked about their age, education level, race, income, living arrangements (0 = live alone, 1 = live with others), and gender (0 = male, 1 = female).
Analysis Plan
Because counties were the unit of assignment, individual participants were nested within counties. Individuals within counties were more likely to be similar to their 380 Health Education & Behavior (June 2006) within-county peers than to individuals in the sample as a whole, thereby violating the assumption of independent observations. Nested designs using the individual as the unit of analysis are likely to overestimate the effects of the intervention (Murray, 1998) , so that a form of mixed-level modeling was used, that is, hierarchical linear modeling (HLM; Raudenbush, Bryk, Cheong, & Congdon, 2000) . We proceeded with a multilevel model in which pretest scores were modeled as Time 1 covariates at Level 1 and intervention condition as a Level 2 factor. The Level 1 model is of the following form:
where Y ij = supplement use outcome (i.e., Time 2) of participant i in county j (j = 1, . . . .28 counties) 0j = the adjusted mean outcome in county j after controlling for pretest status on supplement use 1j = the random Level-1 covariate effect r ij = the residual Level-1 error variance The Level 2 model is of the following form:
where Condition j = an indicator of whether one received the experimental or control intervention condition variable (0 = control counties, 1 = experimental counties) γ 00 = the mean supplement use in the control counties, adjusted for pretest scores γ 01 = the treatment effect γ 10 = the pooled within-county regression coefficient for the Level-1 covariate u 0j = the residual Level 2 error variance for county j A significant γ 01 parameter would indicate significant differences as a function of intervention condition.
For the single dichotomous variable, a nonlinear HLM procedure drawing on a Bernoulli distribution was used.
Level-1 Model
Prob(Y = 1|B) = P log[P/(1 -P)] = B 0 + B 1 × (T1 measure of Y) Level-2 Model B 0 = G 00 + G 01 × (Condition) + U 0 B 1 = G 10 + U 1
Imputation of Missing Data
The amount of missing data among demographic variables ranged from 0% for gender to 25.2% for income. The amount of missing data for each of the predictor and outcome variables was minimal, ranging from 2.2% for pretest calcium supplement use to 10.4% for posttest communication with health care professionals. However, HLM 5 performs listwise deletion of missing data at Level 1. Listwise deletion across all these items would have reduced the sample for analyses from 703 to 521 individuals. In addition, estimates of county-level parameters could become less stable as a result of fewer participants within counties in the creation of the county-level aggregate scores. Therefore, we used a multiple imputation procedure developed by King, Honaker, Joseph, and Scheve (2001) for dealing with missing data.
Multiple imputation involves imputing m values for each missing cell in your data matrix and creating m "completed" data sets. (Across these completed data sets, the observed values are the same, but the missing values are filled in with different imputations that reflect our uncertainty about the missing data.) (Honaker, Joseph, King, Scheve, & Singh, 2003, p. 3) We used their EMis algorithm to generate five data sets. Each HLM analysis was run on each of the five data sets. Results were combined to generate a single set of results for each HLM analysis across the five data sets. 2
RESULTS
Patterns of Participant Retention
Attendance at CN site lunches was always variable, and the administration of the posttest on only 1 day resulted in a relatively large number of participants for whom we had missing Time 2 data (n = 303). Were those completing pre-and posttests systematically different from pretest-only participants in some way that would limit the generalizability of the findings? For example, one can speculate that frail older adults who were at higher risk for supplement misuse might also have had more difficulty completing such a program. To examine this, we conducted multilevel models using each of the baseline scores (i.e., multivitamin use, etc.) as an independent variable and attrition status (pre-and postparticipant vs. pre-only participant) as the dependent variable. Across all five variables (i.e., multivitamin use, calcium use, reading labels, keeping and updating a medication list, and talking with the doctor or pharmacist about supplement use), pretest status was not significantly associated with attrition status.
Presence of County-Level Effects on Outcome Variables
HLM analyses were done to determine whether there were county-level effects on baseline and postvariables. In the absence of county-level effects, there would be no need to conduct multilevel modeling. Four of the five variables showed county-level effects at both pretest and posttest (i.e., multivitamin use, attention to labels, use of medication list, and communication with health care professionals), whereas calcium supplement use showed county-level effects at pretest but not at posttest. The presence of county-level effects supported the decision for a multilevel modeling approach that would take interdependency of the individual-level observations into account. The intraclass correlation coefficients (ICCs) for posttest scores were as follows: multivitamin use (.02), calcium supplement use (.0002), use of medication list (.04), and attention to labels (.10). No ICC was calculated for the communication with health care professional variable because problems with heteroscedasticity generally preclude use of the ICC for binary outcomes (Snijders & Bosker, 1999) .
Equivalence of Treatment and Control Groups at Baseline
As indicated in Table 1 , there were some significant differences between the experimental and control group in terms of their demographic characteristics. Participants in the experimental group were significantly more likely to live with others, be non-White, and have fewer economic resources. There were no significant differences with regard to age, gender, or education.
Were there differences between the groups with regard to their baseline scores on the variables of interest (i.e., multivitamin use, and so on)? We conducted multilevel analyses using each baseline score as the dependent variable and condition (experimental vs. control group) as a Level 2, independent variable. Means and standard deviations of pretest and posttest outcome variables are described in Table 2 . Significant differences were found for one of the five baseline variables, that is, calcium supplement use (T = 2.176, df = 26, p < .05). In this case, the control group showed greater baseline use than the experimental group. Across the remaining four variables that were not significantly different across groups, the control group showed higher scores on one (i.e., multivitamin use).
There was no overall, consistent pattern of nonequivalence between groups. However, the loss of six counties could have weakened the effects of randomization in producing equivalence.
Pre-and Posteffects Across Experimental and Control Conditions
To examine treatment effects, we constructed multilevel models of the form described in the Method section. At the individual level, the outcome variables were significantly related to educational level (r = .04 to .12) and gender (r = .08 to .22) (0 = male, 1 = female). Gender was significant as a fixed, Level 1 covariate in the multilevel analyses, so it was retained in subsequent analyses. Education level was not significant in multilevel analyses, so it was not retained.
The initial analyses showed that condition contributed significantly to prediction of outcome for all but one of the five outcome variables (i.e., calcium use), controlling for gender and the Time 1 covariate. We conducted additional analyses to examine whether participants at lower pretest levels on the outcome variables might benefit more from the intervention. 3 To examine this, we included a cross-level interaction term (Pretest × Condition).
The analysis for reading labels is displayed in Table 3 . In the fixed-effects results, condition contributed significantly to prediction of outcome (t = 3.14, df = 26, p < 005), controlling for the Time 1 covariate. Participants in the experimental condition increased their attention to herbal and supplement effects significantly more than those in the control group (0 = control group, 1 = experimental group). There was no significant interaction between pretest and condition.
The coefficients and standard errors for similar analyses across all five outcome variables are displayed in Table 4 . The results show modest but significant effects of the experimental condition across all five of the outcome variables. Participants in the experimental condition showed significantly more positive change than those in the control condition with respect to multivitamin use, calcium use, reading labels, keeping and updating a medication list, and talking with the doctor or pharmacist about supplement use. Across the five variables, only calcium use showed a significant Pretest × Condition interaction. Older adults with low levels of calcium use at baseline were more likely to benefit from the intervention than those at high levels at baseline.
Dose Strength Effects Across Experimental and Control Conditions
Post hoc, we were curious whether participants in the experimental group who received a stronger dose of the herbal/supplement intervention showed more change than those receiving less intense exposure. Based on recommendations of the intervention staff, an adequate dose of the intervention was defined as attendance at three or more sessions, whereas an inadequate dose was defined as attendance at two or fewer sessions. No significant differences between high-and low-dose groups were found.
DISCUSSION
The nutrition education curriculum had a significant impact on participants' selfreported attention to the effects (and side effects) of herbal and other dietary supplements, including supplement interaction with prescription medications. They reported being more likely to talk with their doctor or pharmacist about the herbal and other dietary supplements that they were taking. Finally, participants in the experimental condition showed greater change in their self-reported daily use of multivitamins. Given concerns regarding the negative impact of unregulated alternative medicines (General Accounting Office, 2001), this intervention may help some participants avoid serious, adverse effects of such products, including interactions with prescribed drugs. It might improve their overall nutritional status through the increased use of age-appropriate multivitamin, multimineral, and calcium preparations. This module might also have more general benefits if participants became more likely to discuss their overall medication use with a pharmacist or physician.
Changes in herbal and other dietary supplement use could have economic as well as health-related effects. "In 1999, U.S. consumers spent about $31 billion for dietary sup- plements and certain food products (termed 'functional foods') that claim to have health benefits beyond basic nutrition" (General Accounting Office, 2000, p. 3). Given the small amount of discretionary funds that low-income older adults have, the savings provided by a reduced use of suspect products may be significant.
A second important contribution of this study is to demonstrate intervention effects among a low-income sample of older adults. The intervention in this study was able to reach several hundred older adults across 34 counties, using an established network of FCS agents in the Cooperative Extension Service. With few exceptions (Sharpe et al., 1997) , CN sites have not been used as a venue for health promotion intervention research. To the extent that regular users of CN sites develop social ties within these sites, the power of social networks could be mobilized to support changes in nutrition behaviors.
A third contribution of this study is to demonstrate the feasibility of incorporating experimental designs into ongoing service provision, in this case the work of FCS agents. Although some compromises in design had to be made to accommodate field practices, we were generally able to arrive at workable solutions. Given the paucity of data on the effectiveness of nutrition programs for the low-income older adults, additional research is sorely needed. In addition, a long-term goal is to build the evaluation capacity of this system and reinforce the value of looking at empirically based literature for guidance as to best intervention practices.
Several strengths of this study enhance confidence in these findings. First, counties were randomly assigned to treatment and control conditions. The control group provided an intervention of identical intensity and program delivery format as the experimental group, ruling out "attention" effects in the experimental group. Second, multilevel mod- eling was used to control for the nested nature of the data. Third, attrition analyses suggest that the most resource-poor older adults were just as likely to complete the program as their more affluent peers. Although CN sites serve a low-income population generally, it is important that interventions reach the individuals most at risk within this group. Fourth, postmeasures were collected approximately 1 month after completion of the intervention. Self-reported behavior change was detected at a time point beyond the immediate aftermath of the sessions. The intervention focused on a rather narrow set of nutrition-related behaviors. However, these behaviors seem a reasonable focus of change for a five-session group module in a CN site. In addition, limiting the scope of the intervention's objectives helped to focus the educational program itself on specific participant learning outcomes that were more directly and easily assessable with pre-and postsurveys. The nature of the intervention is consistent with the behavioral focus suggested by Contento et al. (1995) and Sahyoun et al. (2004) .
Despite statistically significant change across all outcome variables, the effect sizes were small. What is the practical importance of these results? Three of the outcome variables (i.e., carrying medication list, reading labels, and talking with health care provider) were concerned with preventing infrequent but serious events (e.g., adverse side effects or drug-dietary supplement interactions). For example, the number of participants reporting that they spoke with their health care provider about supplement use increased by approximately 12% in the experimental group compared with 3% in the comparison group. That is certainly in the desired direction. However, we do not have the data to quantify how many adverse events per year might be prevented within the experimental group as a result of the modest positive changes in these outcome variables. Anecdotally, a participant in the experimental group was rushed to the hospital, and the availability of a medication list reduced the time needed to formulate a treatment plan. To fully understand the implication of these changes, more research is needed on the degree to which changes in behavioral repertoires (i.e., carrying medication list, reading labels, and talking with health care provider) are associated with reduced rates of adverse events.
Our other goal was to encourage participants to maintain a daily regimen of multivitamin and calcium supplement use. Determining the effects of increases in calcium supplement use is not easy, because there are no predefined boundary values between those who are at risk and those who are not (e.g., as in cholesterol levels). For the sake of example, assume that an average daily calcium dose was 500 milligrams and that the net effect of the intervention was an increase of 0.4 days of calcium use. 4 The average weekly net gain in calcium use would be 200 milligrams. The modest effect size suggests minimal impact on overall population health.
However, the intervention may have more powerful effects on subgroups of the population. Approximately one third of the sample entered the study stating that they never used calcium supplements. In the experimental group, 18.9% of those at never at pretest moved to often or always at the posttest. In the control group, only 7.2% of those at never at pretest moved to often or always at the posttest. If regular use were maintained over time, these participants would be more likely to expect health benefits.
As an isolated module, we might also expect that the intervention effects might decay over time. However, additional nutrition education modules were offered over the years in the same settings with generally the same peers. In addition, reinforcing messages were displayed in the setting (i.e., posters, table displays). We hoped that participation in subsequent nutrition-related experiences might have the effect of reinforcing prior behavior change.
Methodological Limitations
This study nonetheless has several methodological limitations. First, concerns about the use of self-report measures include issues of validity (i.e., accuracy of recall) and of social desirability bias (i.e., experimental group participants being "primed" to provide more socially desirable answers postintervention). In terms of validity, self-report of vitamin and mineral supplement use has been shown to correspond well with other forms of data collection. In a study of 2,377 adults aged 45 to 75, a brief questionnaire accurately and reliably captured data on supplement use for frequently used products when compared with 24-hour recall interviews administered by registered dietitians (Murphy et al., 2002) . Similarly, in a study of 369 adults aged 50 and older, a detailed, self-administered questionnaire of current supplement use was found to provide comparable assessments of nutrient intake when compared with other data collection modes (i.e., in-person interviews, a transcription of nutrient information from labels of supplement bottles possessed by the respondent) (Satia-Abouta et al., 2003) . Self-report measures of multivitamin use even corresponded well with biomarker values from blood samples. There are some differences between these reports and the current study. For example, our CN site participants had a smaller proportion of well-educated participants than Murphy et al.'s (2002) sample. Greater education could be associated with greater capacity to generate accurate self-report. Conversely, Satia-Abouta et al.'s (2003) self-report measures demanded much more precision from respondents in their assessments than did our survey instrument. In summary, there is reason to believe that the behaviorally oriented questions used in this study could reasonably have captured participant behavior with regard to dietary and other supplement use.
Similarly, we believe that several factors reduce the likelihood that the intervention effects are an artifact of social desirability. Items were behaviorally oriented and did not involve socially sensitive information, presumably making them less prone to social desirability bias. In addition, the posttest took place 4 weeks after completion of the module. By that time, the demand characteristics regarding the module should have lessened.
A second methodological limitation was the absence of observation of the actual field implementation of the experimental module to determine how it compared to the content and process outlined in the module protocol. This issue of intervention fidelity and adaptation has become increasingly salient. Some standardized interventions implemented with poor to moderate fidelity have had minimal effect (Backer, 2000) . We do not know whether the reported effect sizes in this study represent the best that the module could achieve or whether stronger effects could be found with more faithful implementation.
Third, we were unable to examine the mediating variables that were thought to underlie individual behavior change. According to social-cognitive theory, the experimental group should have produced greater changes in self-efficacy and outcome expectations. In addition, participants with the greatest changes in self-efficacy and outcome expectations should have demonstrated the greatest behavior change. Due to time constraints in the intervention setting, we were unable to collect data regarding these mediating variables. We do not know whether the modest effects found in this study are the result of theoretically proposed processes.
Fourth, we were unable to examine whether participation in previous PIW nutrition modules acted as a moderator variable in the impact of the experimental module examined in this study. We wondered whether participation in previous modules could "prime" participants to be more receptive to suggestions in the current intervention. We pilot tested measures asking participants about their involvement in previous PIW nutrition education modules. If they recalled participation in previous nutrition-related seminars or discussions at all, many of these older adults were unable to recall with accuracy the sponsor of such events. Sites in this sample did not have the capacity to track attendance of individuals across multiple modules over time.
Implications for Practice
First, the nutrition modules offered in this study represent a low-intensity intervention that could augment, or make up for the lack of, nutrition intervention efforts in other arenas. Despite recognition of the importance of diet to the management of chronic disease, for example, nutrition counseling by physicians remains limited because of such barriers as "physicians' lack of confidence in their own counseling skills plus lack of training, time, staff, payment, or insurance coverage" (Glanz, 1999, p. 113) . The Cooperative Extension Services across the nation represent an existing delivery system of trained educators who reach out into the community with research-based interventions. Transportation, social isolation, ecological context, and scheduling issues that present barriers to programming with older adults are substantially reduced when collaborating with CN site staff.
Second, program developers need to work collaboratively with program delivery staff to determine which elements of an intervention are essential and cannot be altered, and which elements of content or delivery are open to adaptation. Some FCS agents in this study were uncomfortable with the requirement to deliver the intervention exactly as taught to them. Commitment to the program might have been enhanced by guidelines as to the extent to which the module could have been adapted to local circumstances without compromising the "active ingredients" of the program.
Third, program developers need to take into account the reality of staff turnover and its impact on the capacity to deliver nutrition education. One approach may be team training, so that there may be more than one individual in each county who retains the capacity to deliver the intervention.
Fourth, health promotion personnel are increasingly calling for interventions that go beyond individual behavior change and address the organizational and community factors that may contribute to health inequities (Glanz, 1999; Minkler, 2000; Travers, 1997) . How do the settings in which low-income older adults live support good nutrition practices? Can nutrition education modules in CN sites change the organizational climate of such institutions with regard to supporting healthy nutrition? As one next stage of this work, we hope to examine the factors that influence the supportiveness of individual CN sites to nutrition-related change.
CONCLUSION
Given that the oldest old are the fastest growing segment of the population, the health care system will continue to be besieged with increasing costs and health disparities. This study suggests one approach for working with a hard-to-reach, needy, older adult audience. Such older adults can make recommended changes to promote health when approached with a well-designed intervention within their existing ecological context. Notes 1. Although we describe random assignment as occurring at the level of the county, we recognize that county and instructor characteristics are confounded so that is impossible to determine the relative contribution of each to group-level effects.
2. The pattern of results using listwise deletion was essentially similar to those conducted with multiple imputation. However, due to the low number of participants in some of the counties after listwise deletion, the estimated Level 2 parameters were likely to be more unstable than those derived from multiple imputations. For a discussion of the merits of these different approaches to handling missing data, see Schafer and Graham (2002) .
3. We thank an anonymous reviewer for the suggestion to conduct these analyses. 4. If we assumed that the frequency scale could be converted to days (i.e., never = 0 days per week, rarely = 1 to 2 days per week, sometimes = 3 to 4 days per week, often = 5 to 6 days per week, and always = 7 days per week), then the change from 2.6 to 2.8 (i.e., 0.2) in the Calcium Supplement Use scale would represent 0.4 days of calcium supplement use.
